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Introduction 
The North Carolina Division of Water Quality (NCDWQ), Transportation Permitting Unit staff, has seen 
requests from the North Carolina Department of Transportation (NCDOT) to install aluminum box 
culverts. Traditionally, these requests have been associated with efforts to replace old timber-pile 
bridges that have reached or exceeded their useful life or to replace failed culvert pipes (often multiple 
pipes) which are usually much smaller than aluminum box culverts which replace them.   

In an effort to maintain stream crossings such that they are safe to the traveling public, existing culverts 
and small bridges are replaced as they reach the end of their design or useful life, if not before.  Most 
bridges and culverts being replaced have been in service for many decades. Older bridges may be 
constructed of concrete on wooden or steel piles.  The vast majority of box culverts in the state are 
constructed of concrete. However, since the early 1980’s, NCDOT has used box culverts constructed of 
aluminum to replace some of these older structures (personal communication, Jerry Lindsey, NCDOT).   

Aluminum box culverts are available in two different styles. One style is bottomless and is built on 
concrete footers which in turn typically sit upon a solid bedrock foundation.  The foundation and footers 
support the weight of the culvert as well as the weight of the fill, roadbed, and traffic. The second style 
has a bottom, and is usually a compressed oval shape, much like a “D”, with the bottom area being 
nearly flat. This type is often used when a suitable bedrock foundation is not available. The NCDWQ 
requires these culverts to be buried, unless a factor is present that would prevent sufficient burial. If the 
structure is not backfilled during construction then it is expected that when these culverts are buried 
sediment will settle in the bottom of the culvert through natural events. When this occurs it presents a 
more natural setting, more closely mimicking the pre-installation condition of the stream. This in turn 
allows for acceptable flow and aquatic life passage during low and extreme low flow conditions.  

Currently, there are at least seventy-five aluminum box culverts installed throughout the state (personal 
communication, Jerry Lindsey, NCDOT). At present, it is unclear how many of those installed are 
bottomless and how many are bottomed.  When aluminum box culverts are used, the NCDWQ generally 
prefers the bottomless type, as it allows for the natural stream bed, location, and function to remain in a 
more natural state.  The installation process for bottomed culverts is more intrusive to the stream than 
that of bottomless culverts. While both types may require dewatering, the whole stream bed must be 
excavated down in order to properly set a bottomed culvert. Excavation several feet below the natural 
stream bed is often required as a bed of gravel, stone, or other supporting material must be laid to 
support the weight of the culvert and provide a level substrate for the bottom to rest on. Generally, the 
installation of a bottomless culvert involves excavation for the footers to be installed, leaving much of 
the natural stream bed undisturbed. 

While there may or may not be financial savings for the use of aluminum box culverts over other 
traditional methods or structures, the NCDOT reports that there are other benefits which are considered 
when deciding on replacement construction.  For example, aluminum box culverts parts can be, 
depending on the overall size, delivered to the site and assembled on nearby land. Once the culvert is 
assembled, it can be lowered into place very quickly once the site has been prepped for installation. This 
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shortens the overall construction time and allows the road to be closed for a shorter length of time.  In 
extreme cases however, the structure must be assembled in place, although thus far these appear to be 
rather rare cases. The width of aluminum box culvert openings can be much wider than that of a poured 
concrete box culvert, which can reduce maintenance by allowing larger debris to pass through the 
opening rather than getting trapped in smaller openings and requiring time and effort to remove (Roger 
Bryan, personal communication, NCDOT). 

While the NCDOT has always strived to reduce the costs of construction and maintenance where 
possible, the recent downturn in the economy has led to tighter restrictions of the budget, and the 
NCDOT has had to look even harder for ways to reduce costs associated with construction and 
maintenance.   Nonetheless, in 2011, the North Carolina Legislature designated $440 million dollars to 
the NCDOT to accelerate the replacement of bridges which have become obsolete and have reached the 
end of their expected life.  The money was allocated to be spent in 2012 and 2013. For reasons 
discussed above, the NCDWQ may see an increase in NCDOT requests for the use of aluminum box 
culverts to replace small bridges in situations where site-specific conditions may allow.  

NCDWQ staff has reported that some of the aluminum box culverts may not be functioning as expected 
with respect to stream function and stability.  Primary concerns with any type of culvert installation 
include aquatic life passage issues, maintaining flow under low flow and extreme low flow conditions, 
over-widening or excavation of the stream, and bank instability.  The NCDWQ 401 Water Quality 
Certification addresses these concerns by requiring culverts to be buried twenty percent of the opening 
diameter for culverts with openings less than four feet and be buried at least one-foot for openings 
greater than four-feet. Additionally, excavation of the stream shall be kept to a minimum and the 
stream shall not be over-widened.  Again, because more of the stream channel typically has to be 
disturbed during construction and installation these concerns are more likely to become issues in 
installations where bottomed aluminum box culverts are used. 

In November and December 2011, NCDWQ staff, in coordination with NCDOT staff, visited twelve 
stream crossings where bottomed aluminum culverts were installed (Figure 1).  Three were located in 
the western area of the state, five in the central portion, and four in the eastern part of the state.  While 
not intended to be an exhaustive study of the culverts, staff documented such things as culvert 
installation, aquatic passage ability, stream stability, culvert slope, sediment deposition within the 
culvert, and depth of installation. Several pictures were taken at each of the sites as well. This 
information was then analyzed to determine if any specific issues could be documented, and if so, what 
circumstances may be contributing factors. It was also used to determine potential future installation 
guidelines. 

 

 

 

 

 




